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Abstract

This paper describes the results of a florisiic inventory at the Allpahuayo Reserve, near Iqultus in Amazonian Peru.
Two long-term one-hectare plots were established using a pre-detemiined sampling grid, with each individual tree and
liana over 10 cm diameter collected at least once, except for palms. The plots were re-censused after 5 years to quantify
forest dynamics. Floristic analysis shows that the AII[)ahuayo forest is among the most diverse site yet inventoried, with
281 to 311 species per hectare, and at least 466 species and 61 families in the 1277-stem two-hectare sample,
confirming that upper Amazonia is a world center of tree biodiversity. The ecologically most dominant and speciose
family in the plots is Fabaceae sensu lato, with 231 stems and 89 species; no other family represents more than 7%
of the species or 10% of the stems. In contrast to the exceptional floristic diversity, both the slnicture and the dynamics
of the Allpahuayo forest are similar lo those recordeil from other old-growth neotropical forests. Many tree and liana
canopy species were previously unknown lo both the Iquitos area and to Amazonian Peru, which demonstrates the
significance of Amazon ecological studies to systematic botany.

Resumen

Este documento describe el estado actual de los resullados de un invenlario floristico a largo plazo, en la Reserva
Biologica de Allpahuayo, cerca de Iquitos, en la Amazonfa Peruana. Allf se eslablecieron dos parcelas de una hect.
cada una. usando un mueslreo pre-determinado, cada arbol, palmera o liana, mayores o iguales que 10 cm de diam.
fue marcado y colectado, excepto las palmeras que fueron colectadas solo una vez por especie. Las parcelas fueron
re-censadas despues de 5 anos para cuantificar el proceso de la dinamica del bosque. El analisis de los resullados
nos muestra que el bosque de Allpahuayo, esta enlre los bosques mas diversos hasta ahora inventariados, con 281
a 31 1 especies por hect., y al menos 466 especies y 61 familias en 1277 individuos en dos hect. muestreadas; estos
datos apoyan la idea de (jue el oesle de la Amazonfa es un centro mundial de diversidad de arboles. En las parcelas
la faniilia Fabaceae s.l.. es la mas dominante ecologicamente y en numero de especies, contiene 231 tallos y 89
especies; ninguna otra familia rcpresenla mas que el 7 por ciento de las es[)ecies o el 10 por cienlo de los tallos.

En contraste a la excepcional diversidad florfstica, tanlo la estruclura del bosque como la tasa de mortalidad en
Allpahuayo, estan dentro los rangos de otros sitios neotropicales. El valor dc los estudios ecologicos para la botanica
sistcmatica, se demuestra en tanto que, antes de que empezaramos a tomar datos ecologicos e inslalar parcelas
permanenles, muchas especies de drboles y lianas eran desconocidas tanto en el area de bpiitos, como en la

Amazonfa Peruana,
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Fi^^ure 1. Map sh(»wlii<^ location of study region in relalion (o Iquilos and Peru.

showing location of Allpaluiayo. Modified from Kalliola el al. (1998).

A. Peru. —B. Iquitos region,

Biodiversity is at risk in much of the tropics. Yet floristic understanding by generating large numbers

biological research and conservation initiatives are of new collections that are associated with site-spe-

hampered by inadequate baseline information. cific ecological information. Botanical institutions

Thus, sufficient data on the numbers, kinds, and play a vital role in initiating and supporting this

abundance of most major plant and animal taxa are work, and contribute essential expertise for ensur-

not available. Moreover, knowledge of species as- ing accurate voucher determination. Equally, eco-

sociations and biogeographic distributions of taxa logical inventories generate much biogeographical

remain meager (McNeely el al., 1990; National Sci- data of relevance to monographic and phylogenetic

ence Board, 1990; National Research Council, studies. Such eco-floristic research has recently

been initiated in several tropical countries, includ-1992; PhilHps & Raven, 1996).

In the Neotropics, the extraordinary species rich- ing Madagascar (Lowr}' ct al., 1997; Rakolomalaza

>s, our limited taxonomic understanding, and the & Messmer, 1999), Colombia (Rudas, 1996), and

physical inaccessibility of most areas are formida- Peru (Gentry, 1988a, b). This paper reports the re-

ble barriers to phytogeographic investigation. Tra- suits of a similar research program al the Allpa-

dilional biological inventory efforts that rely mostly huayo Reserve, near Iquitos in northern Peru,

on ad hoc collection efforts and lengthy monograph

studies cannot address the knowledge gap alone. STUDYSiTE
Alternative methods are critical to improve our un-

derstanding of the factors determining species com- The Allpahuayo Reserve (3°57'S, 73^26'W) lies

positi<m and the ecological dynamics of tropical for- southwest of Iquitos in Amazonian Peru, between

est ecosystems. In recent years there has been the blackwater Rio Nanay on the northwest and the

growing scientific interest in more ecological, plot- Iquitos-Nauta road to the southeast (Fig. 1). This

based work as a means of understanding tropical 2730-ha reserve is administered by the Peruvian

forests (e.g.. Gentry, 1988a, b; Phillips & Gentry, Institute for Amazonian Research (IIAP). The cli-

1994; Phillips et al., 1994; Dallmeier & Comiskey, mate is humid and hot (with the mean annual pre-

1998a, b). This approach can contribute greatly to cipitation about 3000 mmand an average temper-
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ature of 26*^0; Marengo, 1998). Allpahuayo Reserve posited in two Peruvian herbaria (AMAZ, USM)

lies between 110 m and 180 m above sea level. and at MO, with partial collections existing at IIAP

Edaphic conditions are variable, representing a mo- and the Universidad Agraria La Molina (MOL), as

saic of patches ranging in texture from clayey to well as distributions to family specialists world-

almost pure sand, and in drainage from water- wide.

logged swamps to well-drained hill tops. Vegetation Fertile collections were made on occasion when-

is mature, old-growth forest, although some palm ever flowers or fruits of plot species were seen, but

trees {Oenocarpus bataua Mart.) have been cut to in common with other tropical plot inventories most

harvest their fruits. Allpahuayo and neighboring species (90%) are represented only by sterile ma-

Mishana comprise one of three locations within 100 terial. At MO every collection number was first

km of Iquitos where the Missouri Botanical Garden identified to family by the first author and Ron

has been conducting a long-term floristic inventory Liesner, with each family set then distributed to

effort with the institutional collaboration of IIAP family specialists (Anacardiaceae, Apocynaceae,

and Explorama Tours S.A. (Vasquez, 1997). The Bignoniaceae, Burseraceae, Chrysobalanaceae, Dil-

other two sites, Reserva Ecologica Explorama leniaceae, Fabaceae, Lauraceae, Lecythidaceae,

Lodge (Yanamono) and Reserva Ecologica Sucusari Malpighiaceae, Melastomataceae, Meliaceae, Mor-

(ACEER), have rather different soil conditions and aceae, Myrtaceae, Rubiaceae, Sabiaceae, Sapinda-

floristic composition. The 3750 ha of Allpahuayo- ceae, Sapotaceae, Simaroubaceae, Violaceae). For

Mishana is extremely species-rich, with more than most species at least three fertile Peruvian coUec-

10% of the plant species reported from the whole tions were noted for verification (MO), most deriv-

of Peru (Brako & Zarucchi, 1993) recorded here ing from the Iquitos Florula project (Vasquez,

(Vasquez, 1997). 1997).

Methods

Re-census of both plots was done in February

1996, with the re-measurement of all trees and li-

anas. Plants that had died in the intervening period

Sampling took place within a 500 X 500 m grid of 5.25 years were noted as such, with evident

in the Allpahuayo Reserve, sufficiently far from the cause of death. Each new recruit into the 10 cm

Iquitos-Nauta road (> 2 km at its nearest point) to DBH class was measured, tagged, and given a

minimize human disturbance, yet close enough to unique number. New recruits were collected and

the research station (3 km) to allow us to commute vouchers distributed to herbaria as for the original

daily. Within the sampling grid, two long-term plots collections.

were established in a pre-determined location with- In order to maximize potential (comparability

in the grid (Fig. 2) to eliminate subjective bias. with other forests, diversity values for each plot

Each plot is 20 X 500 m, with each plant ^ 10 were expressed in terms of both species rich

cm DBH (diameter at breast height, 1.3 m) marked and Fishers Alpha, using various subsets of our

with sequentially numbered aluminum tags. Addi- data. Weestimated "species ric-hness" —the sum of

tional narrower samples of 2 X 500 m with all the number of tree species —as this measure is eas-

plaiits ^ 2.5 cm DBHcollected but not tagged were ily understood and widely reported from other for-

made at pre-determined points in the grid: the re- ests. We also estimated Fisher's Alpha, where:

suits of these inventories will be reported in a fu-

ture publicaticm. The linear nature of all our plots

means that they each traverse a mixture of edaphic

species richness Alpha * ln(l + stems/Alpha)

Fisher's Alpha values from small tropical forest

formations. Soil conditions within the grid ranged tree samples provide good estimates of the overall

from poorly to adequately drained clay soils ("Sha- diversity of each forest (Condit el al., 1998). Both

paja") to well-drained white sand soils at topo- species richness and Fishers Alpha values were

graphic high points ("Varillal"). calculated on a per-area basis (i.e., for each one-

In the long-term plots, every tagged plants hectare plot), and on an area-independent basi

height was visually estimated and its diameter mea- (i.e., for the first 500 stems encountered in each

sured at 1.3 m with diameter tape. Herbarium col- plot) in order to remove the complicating effect of

lections {Vdsquez 14592-15829) were made in varying stem density. Finally, each diversity index

1990 and 1991 from every individual plant (except was also estimated separately for all woody stems,

for palm tree species, which were only collected and for trees alone.

once each) using extendable aluminum collecting In order to compare stem densities of individual

poles 1, where necessary, spiked t:limbing irons species and families, average per-hectare values

for climbing trees. A full set of duplicates is de- were calculated. The most speciose families across
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Table 1. Allpahuayo forest diversity in 1990, for stems ^ 10 cm diameter in 1-ha plots. The values given for

species richness and Fisher's Alpha are for the minimum and the most likely (underlined) estimates, respectively. The

diversity values are calculated for (A) all woody stems (i.e., trees and lianas), and (B) for trees only. See text for further

details.

Stems

(A) All woody stems

riot 1

Plot 2

Plots 1 and 2 combined

(B) Trees only

Plot 1

Plot 2

Plots 1 and 2 combined

643

634

1277

616

608

1224

Species

281/293

306/3 1

1

466/480

264/275

2^^0/295

433/444

Fishers

Alpha

190/208

233/242

264/280

175/191

2 1 8/226

239/250

Species per

first 500

stems

233/242

250/255

N/A

228/237

243/248

N/A

Fisher's

Alpha, first

500 stems

170/185

199/208

N/A

162/176

186/195

N/A

our whole sample were tabulated on the basis of beit unnamed), but for a few even this was not pos-

the total species recorded in both hectare plots. The sible.

degree of departure from randomness in species'

distribution with respect to soil type was explored (h) species HIGHNESSAND diversity

using a binomial test based on the relative fre-

quency with which individuals were recorded in

clay soil and sandy soil forests.

Because of the difficulties with identification

there is some uncertainty about the t number

Standard measures of forest structure (density of of species in our samples. We estimated a "most

stems and total basal area of stems > 10 cm DBH) lively value" for species richness (S) by multiplying

were computed for each hectare plot. Annual mor- the number of unidentified plants per sample that

tality and recruitment rates were estimated using could not be allocated to morphospecies (U) by the

standard procedures that use logarithmic models ratio of species:individuals for the plants in that

that assume a constant probability of mortality and sample that were identified to species or morphos-

recruitment through each inventory period (Phillips pecies (/?), and adding this value to the number of

et al., 1994; Swaine & Lieberman, 1987), and com- morphospecies and species concepts actually dis-

puted separately both for woody stems and for tmguished (D).

woody basal area. Turnover rales for each period

were represented by the mean of recruitment and

mortality rates (Phillips, 1996).

Resui.is and Discussion

(a) taxon tofntification

Thus, (S = ([/*/?) + D,

This estimate probably errs on the conservative

side because the most difficult plants to identify

lend to be the rarest, and therefore it is likely that

the ratio of species to individuals will be greater

for non-identified plants than it is for identified

Of the 1277 plants in the plots in 1991, 100% plants.

were identified to family, 1249 (97.8%) to genus, Diversity values for each plot and for both plots

and 1168 (91.5%) to species (Appendix 1). We combined are presented in Table 1, with results

made 1160 collections from the two plots, of which given separately for all stems and for trees alone.

1053 (90%) were sterile, 22 (2%) were in bud, 33 These reveal that the Allpahuayo plots are some of

(3%) were in flower, and 52 (5%) were in fruit. The the richest 1-ha samples ever reported. The best

high proportion of sterile material complicated the estimate of Fishers Alpha for trees in our plot 2

identification process. Near-complete identification (226) is the greatest value recorded for trees

was possible only because of the large number of ^ 10 cm DBH in 1-ha plots, comparing with 221

fertile collections from Allpahuayo and nearby lo- at Yanamono in Peru (Condit et al., 1998), 211 at

calities available for comparison at MO. For most Cuyabeno in Ecuador (Condit et al., 1998), and 191

of the unidentified species, it was possible to alio- in Allpahuayo plot 1 (this study), all of which are

cate collections to morphospecies (i.e., to allocate upper Amazonian sites. In terms of published

collections to a morphological species concept, al- suits of numbers of species per 500 stems, the All-
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pahuayo plots are surpassed only by Yanamono dominate other Amazonian forests (Gentry, 1988a).

(Phillips et al., 1994). There are also some pub- Fabaceae are by far the most species-rieh, and even

lished inventory results of, variously, lianas, hemi- when treated individually the three legume subfam-

epiphytes, trees, and sapHngs from this part of ilies eaeh have about as many species as the other

Amazonia (e.g.. Gentry, 1988a, b, 1992; Valencia top-five largest families (Moraceae, Lauraceae, An-

et al., 1994; Clinebell et al., 1995; Duivenvoorden nonaceae, Burseraceae).

& Lipps, 1995). These confirm that the region s un- The plots each traverse two contrasting soil

flooded forests generally have globally exceptional types, richer clay soils (the "Shapaja" series) and

levels of diversity for woody plants. poor white sand soils (the "Varillal
^»

ies), and the

Within-community ("alpha-") diversity in neo- strong local edaphic contrasts might be expected to

suit in some floristic differentiation within thetropical forests is closely correlated with climatic

conditions, with the richest forests found in the hot plots. Because of the high diversity, few species

and aseasonal equatorial lowlands (Clinebell et al., were sampled frequently enough in the two plots to

1995). High levels of local diversity may also be a allow us to test the extent to which they are habitat

consequence of close juxtaposition of different to- specialists or generalists. However, among the 56

pographical and soil formations in western Ama- species that were relatively common, with five or

zonia (Tuomisto et al., 1995) with "mass-effect" more individual plants in the two hectares, a bi-

processes causing species to spill over from adja- nomial test reveals that a greater number are con-

cent edaphically defined communities. Each All- fined to one soil type or another than would be

pahuayo plot traverses contrasting substrates, of expected under a null model of random distribution

sandy and clayey soils, which contributes to the (Table 3). This analysis reveals a large number of

high diversity values, as some species are appar- species that are apparent specialists on the poor

ently specialized on each particular soil type (cf. white sand soils (for example, Macrolobium micro-

(c) below). However, the Allpahuayo plots were calyx, Ocotea aciphylla, Tachigali ptycophysca, Ta-

pi d without regard to forest type, so these di- ble 3A), and a smaller group mostly confined to the

sity values are presumably typical for most 1-ha relatively rich clay soils (for example, Leonia gly-

patches within the Allpahuayo forest. Data are also cycarpa, Lindackeria paludosa, Senefeldera skuich-

available from one 0.1-ha sample of plants ^ 2.5 iana. Table 3B). Note that these results are not

cm DBH, purposively laid out at Allpahuayo by A. proof of specialization, since apparent specialists

Gentry and the first author so as to only sample could arguably be constrained to one patch of forest

clay soil forest (Clinebell et al., 1995; http:// by chance alone, especially if they have poor dis-

www,moboLorg/MOBOT/research/applied^€search/ persal mechanisms. However, a parallel study at

gea/ry./i^m/). Here 275 species of trees, lianas, and Allpahuayo (Vormisto et al., 2000) demonstrated

hemiepiphytes were found in 401 individuals, giv- that the local-scale distributional pattern of soil

ing a Fisher^s Alpha value of 386, the highest spe- types is closely related to plant distributional pat-

cies richness and Fisher's Alpha value of all Gen- terns, not only for tree species but for other plant

try's 227 0.1-ha samples worldwide (Phillips & groups as well, and these spatial patterns are con-

gruent among different groups. This research con-Miller, in prep.).

firms that the local distributional patterns of many

(c) FT.OHlSTic COMPOSITION plants within the Allpahuayo plots are influenced

by edaphic conditions. The high diversity of the

The Allpahuayo forest is not only very species- Allpahuayo plots is therefore not only due to high

rich, but also has a very low degree of dominance intra-community diversity, but also derives from the

by any one species. The ten most common species contrasting edaphic conditions evident within each

together represent less than 20%of all stems (Table plot.

2A). Most of the families that physically dominate

the forest (Table 2B), such as Fabaceae, Myristi-
(j-^^ stiu CTL HE AND dynamics

caceae, Euphorbiaceae, Sapotaceae, and Moraceae,

do so by virtue of having many species almost all Although the Allpahuayo plots are exceptionally

of which are present at a very low density. The palm species-rich, they do not appear to be particularly

family is atypical in that its status as the second- remarkable in terms of their physical structure.

most stem-dense family is due mostly to the high This is indicated by the fact that both their stem

density of one species {Oenocarjyus hataua Mart.), density and tree basal area appear to be well within

The most speciose families in our entire Allpa- the typical ranges for most lowland Amazonian for-

huayo sample (Table 2C) are the same families that ests (Table 4). However, we could find no published
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Table 2. Dominant woody plant laxa at Allpahuayo.

A. The 10 species with the highest density of stems ^ 10 cm diameter per hectare, on average and by soil type

The two plots included 1.16 ha of clay soil forest, and 0.84 ha of sandy soil forest.

Family

Pal mae

Myristicaceae

Myristicaceae

Euphorhiaceae

Faba ceae

nnonareaeA
Euphorhiaceae

Euphorhiaceae

Apocynaceae

Palmae

Top 10 species

All species

Genus

Oenocarpus bataua

subsp. bataua

Iryanthera ulei

Virol a pavonis

Hevea guianerLsis

Macrolobium microcalyx

Diclinanona lessmannii

Micranda elata

Senefcldera shuichiana

Aspidosperma excelsum

Astrocaryum macrocalyx

Stem density

39.0

14.5

11.5

10.0

9.5

7.5

7.5

7.5

7.0

7.0

121.0

638.5

Stem density,

clay soil

forest

26.3

8.8

11.3

1.3

17,5

1.3

16.3

82.8

637

Stem density,

sandy soil

forest

55.2

20.8

14.6

18.8

19.8

15.6

15.6

1.0

12.5

1.0

1 75.9

640

B. The 10 families with the highest density of stems > 10 cm diameter per hectare.

Family Stem density

Fabac eae:

Caesalpiiiiaceae

Mimosaceae

Papilionaceae

Indet. Fabaceae

maePal

Myristicaceae

Euphorhiaceae

Sapotaceae

Moraeeae

Annonaceae

Lauraceae

Burseraceae

Lecythidaceae

Top 10 families

All families

115.5

53.0

23.5

36.5

2.5

61.5

59.0

56.5

33.0

30.5

27.0

26.5

21.5

16.0

420.0

638.5

C. The 10 families with the highest number of species ^ 10 cm diameter sampled throughout our 2-ha sampled area

The values given are for the minimum and most likely (underlined) number of species per family.

Family

Fabaceae;

Caesalpiniaceae

Mimosaceae

Papilionaceae

Indet. Fabaceae

oraceaeM
Lauraceae

Annonaceae

urseraceaeB

Euphorhiaceae

Sapotaceae

Myristicaceae

Lecythidaceae

Mvrtaeeae
ml

Top 10 families

All families

262/273

433/444

Total species

iiiventorietl

82/H9

27/29

25/28

28/29

2/3

31/3i
29/29

27/27

23/24

23/23

22/23

21/21

14/14

10/12
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Table 3. Edaphic specialists in the All])ahua)o plots. For all species with five or more individuals, a binomial lest

was conducted to test the null hypothesis of random distribution with respect to soil type. The hypothesis was rejected

for half the 56 species tested (* {P < 0.05); ** {P < 0.01); *** {P < 0.001)). See text for further details.

A. Specialists on white sand ("Varillal" soils).

Family Tax on

Annonaeeae

Apocynaceae

Bignoniaceae

Kuplujrbiact^ae

Eu[)horbiaceae

Fabaceae (Caes.)

Fabaceae (Caes.)

Fabaceae (Caes.)

Fabaceae (Caes.)

Fabaceae (Caes,)

Fabaceae (Pap.)

Icaeinaceae

Lauraceae

Malpi^hiaceae

Myrislicaceae

Nyctaginaceae

Pal

Hosaceae

Rubiaceae

Sapotaceae

rnae

Dirlinanona tessmannii

Aspidosprnna excelsnm

Jacaranda macrocarpa

llcvea guianensis

Micnmda elala

Macrolohium hifolium

Macrolobiam niicrocalyx

Siierolobium }>racteosiim

Tach ig(di ptyc'hophysai

Tdchigidi iesmannii cf.

Sunrtzia racemosa var. klugii

Emmotumfloribundum

Ocotea aciphylla

Ryrsonima stipulina

Iryanthcra ule't

Neca Jloribunda

Oenocarpiis bataua subsp. balaua

Primus di'trita vel sp. aff.

FerdinandiLsa chlorantba

Chrysophyllum bonibycinum

B. Speeialisis on clay (*'Sha{)aja" soils).

Euphorbiaceae

Euphorbiac<*ae

Euphorbiaceae

Flaconrliaceae

M
Palmae

Pal

VioU

ornnuaeeae

mac

iceae

Conceveiha rhytidocarpa

Nealch orn ea yapurens is

Sencfcldera skuuhiana

Lindackeria paludosn

Siparuna decipiens

Astrocaryum macrocalyx

Iriartca deltoidea

Ijconia glycycarpa \ar. glycycarpa

Total

stems

15

14

5

20

15

8

19

5

10

13

11

5

8

8

29

8

78

5

5

9

7

9

15

6

5

14

13

8

Shapaja

stems

Var i Hal

stems

1

1

1

7

1

21

6

8

14

5

5

13

12

6

15

12

5

18

15

8

19

5

10

13

10

5

8

8

20

7

53

5

5

9

1

1

1

1

i

Probability

of random

distribution

***

**

* **

***

**

***

***

***

**

**

+ *

#1^ vfC ^

**

**

***

***

***

Table 4. Stem density and basal area of some lowland Amazonian forests, for stems ^10 cm diameter per ha. Data

are from this study (All[)ahuayo, 1990 census) or other sources (Mishana, Tambopata, Yanamono: Gentry, 1988b;

Anan^u. Jalun Sacha, Belern, San Carlos de Bio Negro: Phillif)s el al., 1994; Cusco Amazonico: Phillips et al., un-

published data). Stem density values are per ha. Basal area values are m^ per ha.

Site

I'ree stem

density

Bel^m. Brazil

Jiitnii Sac'lia, Ecuador

Anaugu, Ecuador

Allpaliuayo I'lol 1, Peru

Allpahuayo Plot 2, Peru

Cusco Auiazoriico Plot 1, I'eru

Misliaua, Peru

Taniljopalu Plot 1, Peru

Yanamono. Peru

San Carlos de Rio Negro, Venezuela

572

724

734

616

608

489

842

585

580

744

Liana and

strangler

stem density

27

26

45

16

17

26

Tree basal

area

27.7

30.5

23.1

26.77

27.33

25.0

28.7

26.9

32.7

23.0

Liana and

stranpler

basal area

0.42

0.27
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Table 5. Annual rates of natural stem and basal area mortality, recruitment, and increment, for stems ^ 10 cm
diamf^er, between 1990 and 1996. All n^sults are based on 0.84 ha (plot 1) and 0.96 ha (plot 2).

A. Stem dynamics.

Annua 1

mortality

Annual

recruitment

Annual turnover

(mean of loss and

gain)

Plot 1: Tree stems

Plot 2: Tree stems

Plot 1: Liana and strangler stems

Plot 2: Liana and strangler stems

1.89%

1.84%

4.41%

4.87%

1.57%

2,04%

1.89%

8.02%

1.73%

1.94%^

3.13%

6.44%

B. Basal area dynamics. Note that the annual gain in basal area is the sum of new recruitment into the 10 cm diameter

size-class, plus the growth of pre-existing stems ^ 10 cm diameter, and annual turnover is the mean of mortality

and gain rales.

Annual

mortality

Annual

recmitment Annual gain Annual turnover

Plot 1: Tree basal area

Plot 2: Tree basal area

Plot 1: Liana and strangler basal area

Plot 2: Liana and strangler basal area

1.76%

2.21%

5.69%

8.29%

0.48%

0.57%

1.03%

7.24%

2.08%

2.32%

5.72%

8.57%

1.92%

2.26%

5.71%

8.43%

data for liana basal area (lianas are rarely system- averaged close to 2% per year in the first half of

atically censused in ecological plots, and liana has- the 1990s. This rate is not unusual by the standards

al area is even more rarely reported), so it is not of western Amazonian forests, but it is higher than

possible to compare Allpahuayo with other forests the average turnover rate for other tropical moist

in this respect. Elsewhere (Phillips et al., 1998) we forests {^ 1.5% per year based on studies at 40

reported that tree basal area values have been in- different sites; Phillips, 1996). Based on our small

creasing in the majority of Amazonian plots cen- sample of lianas and stranglers, large climbing

sused since the mid-1970s, which we interpreted plants appear to turn over notably faster than trees,

as being a possible effect of long-term fertilization about 5% a year, which indicates that these organ-

by rising atmospheric concentrations of carbon di- isms may have shorter canopy residence times than

oxide. In this context it is interesting to note that most trees. Whether this pattern is repeated else-

by 1996, both plots at Allpahuayo had experienced where to be seen, but if faster turnover of

small net increases in basal area (by 0.1% and lianas and stranglers is a general property of Am-

1.9%) over the 1990 values shown in Table 4, in azon forests it would have implications for plot

spite of some illegal felling of palm trees within a studies, most of which still ignore climbers. Wemay

few of the sub-plots. Clearly a longer census inter- be overlooking a component of the forest that is

val will be needed to confirm whether the small more significant ecologically than has been appre-

change in forest structure is part of a long-term ciated.

trend at Allpahuayo, or simply part of a pattern of

random fluctuation around a long-term stable state. CONCLUSIONS
To estimate annual natural mortality and growth

rates we excluded the sub-plots where palm trees Our floristic and ecological results at Allpahuayo

were cut (Table 5). Stem turnover and basal area well demonstrate the ecological and systematic

turnover functions measure slightly different attri- benefits that can result when we concentrate our

butes of the stand dynamics —stem turnover is con- joint efforts on inventories in fixed plots. For the

—without the collab-cerned with population dynamics (i.e., the mean of ecologist the benefits are cl

population mortality and recruitment rates), while oration of botanists in the field and the herbarium

basal area turnover is concerned with basal area it is impossible to characterize patterns of diversity

dynamics (i.e., the mean of basal area mortality and and floristic composition in most tropical forests,

recruitment plus growth of existing trees). Over the let alone explore the factors that determine these,

long-term an old-growth forest would be expected As forests become more vulnerable to widespread

to have similar values of each, and at Allpahuayo environmental stresses such as fragmentation and

the turnover rates of tree stems and basal area both climate change (Laurance et al., 1997; Phillips,
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1997), plots are also needed to monitor these im-

pacts on biodiversity. Systematists at botanical gar-

dens therefore offer essential expertise for under-

standing the biological effects of global change.

For the systematist or floristic monographer, es-

tablishing permanent sample plots can help in un-

sily and floristic composition on environmental and geo-

graphical gradients. Ann. Missouri Bot. Gard, 75: 1-34.

. 1988b. Tree species richness of upper Amazo-
nian forests. Proe. Nail. Acad. Sci. U.S.A. 85: 156-159.

derstanding the local flora. The precise rigor of eco-

logical sampling forces researchers to look equally

at every plant that meets pre-determined criteria.

In contrast, peripatetic botanizing may catalog the

weedy, common, obvious, and accessible species,

while missing rarer or larger plants, especially can-

. 1992. Diversity and floristic composition of An-
dean forests of Peru and adjacent countries: Implica-

tions for their conservation. Mem. Mus. Hist. Nat.

(Lima) 21: 11-19.

Kalliola, R., K. Ruokolainen, H. Tuomisto, A. I.iruia & S.

Maki. 1998. Mapa geoecologico de la zona de Tquitos y
variaci6n ambiental. Pp. 443-457 in R. Kalliola & S.

Flores Pait^n (editors), Ceoecologfa y Desarrollo Ama-
z6nico. Turku, Finland.

Kallunki, J. A. 1994. Revision of Raputia Auhl. (Cuspa-

riinae, Rutaceac). Britlonia, 46: 279-295.
opy trees, lianas, and epiphytes. Rigorous plot in- I^urancc, W. F., S. R Laurance, L. V. Ferreira, J. M. Ran-

ventories can therefore reduce the spatial, taxonom-

ic, life-form, and even seasonal biases prevalent in

herbaria (e.g., Nelson et al., 1990), especially when
integrated into a larger intensive collecting effort.

Thus, a comparison of taxa in Vdsquez (1997) with

those listed in Brako and Z hi (1993) shows

that the intensive collecting effort in permanent

plots and surrounding forest al several Iquitos sites

has yielded nearly 250 taxa new to Peru. At All-

pahuayo, new tree taxa have been recognized in

Annonaceae (2 species; Chatrou, 1998) and in

kin de Merona, C. Gascon & T. F. Lovejoy. 1997. Bio-

mass collapse in Amazonian forest fragments. Science

278: 1117-1118.

Lowry, P. P., II, C. E. Sehatz & R B. Phillipson. 1997.

The classification of natural and anthropogenic vegeta-

tion in Madagascar. Pp. 9."5-123 in S. M. Goodman &
B. D. Patterson (editors), Natural Change and Human
Impact in Madagascar. Smithsonian Institution Press,

Washington, D.C.

Marengo, J. 1998. Climatologfa de la zona de Iquitos,

Peni. Pp. 35-57 in R. Kalliola & S. Flores Paitdn (ed-

itors), Ceoecologfa y Desarrollo Amazonico. Turku, Fin-

land.

Lauraceae (3 species including a new genus; van ""ff'^'^l'':''-^^ ^L ^^^^r^
der Werif, 1993, 1997), while the repetition of plot

visits has also allowed us to collect fertile material

coniinning new herb and shrub taxa (e.g., Kallunki,

1994; Vdsquez, 1997).
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